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(54) Multi-layer rotary recording nnedium and recording/reproducing method and apparatus 
tliereol 



(57) A recording method includes a trading step of 
detecting a reflection light from a recording layer to 
whic^ a recording is to be made and cmverting the de- 
tected light Into a read signal; a detecting step of detect- 
ing a position of a prefonnatted area of a recording layer 
which the optical beam transmits therethrough other 



than the recording layer to which a recording is to be 
made; and a correcting step of correcCng intensity of an 
irradiation light beam era reproduced slgn^ on tha ba- 
sis of the read signal andthe preformattBd area position. 
An apparatus for carrying out the recording method Is 
also provided. 
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Description 

BACKGROUND OF THE INVENTIOW 

1. Field of the Invention 

[0001] The present invention relates to a method and 
apparatus for recording and/or reproducing an optical 
recording medium and, more particularf/ to a method 
and apparatus for recording and/or reproducing a muitl- 
layer rotary recording medium having a plurality of re- 
cording layers havirjg data recording regions divided by 
Preformatted regione, 

2. Description of ttie Related Art 

[0002] Recently, multi-layer optical disc capabte of »i- 
creasing the recording capacity per surface is devel- 
oped as a large-capacity recording medium. The multi- 
layer optical disc has a structure having a plurality of 
laminated or stacked recording layers spaced at a com- 
paratively small predetermined interval. Also, a multi- 
layer optical disc capable of recording has been devel- 
oped usir^g a recording medium, for exanq^ie, a phase- 
change medium. 

10003] Description is made below on an example of a 
two-layer DVD (Digital Versatile Disc) having two re- 
cording layers using a phase-change medium. The two- 
layer DVD disc has a etmoture having phase-change re- 
cording films formed in an upper or first recording layer 
(i.e. layer closer to an optical-piclcup objective lens) and 
a fower or second recording layer. During recording to 
such a two- layer disc, laser lig ht Is focused to any of the 
recording layers to record or reproduce a signal to or 
from the recording layer. 

[0004] In the iwo-iayer DVD disc orthe like, consider- 
ation is given to the case where an sradiation light beam 
is focused on the second recording layer (hereinafter, 
referred simply to as second layer) to carry out recording 
and/or reproduction (hereinafter, referred to as record- 
ing/reproduction). More particularly, consideration is 
given to a case where a light beam is in-adiated on the 
second layer wliile being passed through the first re- 
cording layer (hereinafter rsfered simply to as first lay- 
er) to carry out recording/reproduction of a data signal. 
During the recording/reproducing, the affections of the 
f ffst layer is an amount of change of the reflection light 
reflected from the fir^ layer to raach a light-receiving 
system and an anwunt of change of the transmission 
light through the first layer to the second layer Concern- 
ing the change in amount of the reflection light from the 
first layer, the affection can be reduced by devising the 
structure of a detecting system orthe like. However, the 
amount of change In the transmission light through the 
first layer appears as a fluctuaCon in recording light in- 
tensity during recording and as fiLfctuatlon in repro- 
duced-signai level during reproduction, which in some 
cases cannot be ignored. 



[0005] When using a phase-change medium, for ex- 
ample, of gennanium antimony tellurium (GeSbTe) in 
the recording layer, transmittance is different between 
a crystalline region and an amorphous region, t.e., the 
5 transmittance through ttie crystalline region is lower 
than Ihe transmittance through the amorphous region. 
The phase-(Aange medium has a crystalline region of 
almost 1 00% in an unrecorded region, while aorystalline 
region and an amorphous region exist in a mixed man- 
'f ner in a recorded region. Also, the recorded region in 
the first layer is out of focus and hence a record signal 
per se is not r^roduced there. However, the transmit- 
tance of a light beam is an averaged transmittance of 
those through the crystalline region and the amorphous 

« region. Consequently, during reproducing from the sec- 
ond layer, the amount of reception-light (i.e. RF signal 
level during reproduction) varies according to whether 
the first layer is recorded or unrecorded. 
[0006] In such a cass, when a ratio of an area occu- 

20 pled by the crystalline region and an area occupied by 
the amorphous region is constant within the beam atthe 
first layer, the transmittance thereof is also constant 
thereby avoiding the foregoing variation. 
[0007] However, the multi-layer optical recording disc 

25 is generally provided with preformatted regions where 
no data signals are recorded. Refemng to Fig. 1 and 
Rg. 2, description is made for a DVD-RAM (Random 
Access Memory) as an example. In the optical disc 3, 
the recording region Is divided by prefpmnatted areas 5 

30 in a tracing dirBction of a light beam (i.e. In the tangential 
or circumferantiai direction) to form a plurality of data 
areas 6 in a concentric form. Abo, one prefornianBd ar- 
ea 5 and the adjacent one data area 6constltuteasector 
7. 

35 [0008] Fig. 2 shows a typical magnification view of a 
legion of a preformatted area 5 and its vicinit/ (portion 
A), together with tlie transmittance in the areas thereof. 
Information data, such as an address, is recorded in the 
prefonnatted area 5 in the form of emboss pits 8. The 

40 date area 6 comprises lands (L) and grooves (G). 
Record marks 9 are formed in the region where data is 
recorded. 

[0009] As shown in Fig. 2, the average transmittance 
of a data area 6 where data is recorded (T[,) is greater 

« than the transmittance of the pref omatted area S (Tp), 
The transmittance of the flrst-iayer refomnatted area 5 
varies, hence varying the recording light intensity or re- 
produced signal intensity in the second ayer during re- 
cording or reproduction. Usually, no recording Is msde 

50 to the Preformatted area. Accordingly, in order lo avoid 
an adverse effect during recording or reproduction of the 
multi-layer optical recording medium having preformat- 
ted area, there is a need to completely match the posi- 
tions of the Preformatted areas between the first layer 

55 and the second layer. In other words, there is no affec- 
Con upon record ing or reproducing when a second-layer 
prefomnatted area is provided just beneath a first-layer 
prefonnatted area whore the amount of transmission 
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light decreases. However, there has been practical dif- 
ficulty in matching the positions between the preformat- 
led areas in the manufacturing process, 
[001 0] Accordingly, where there is deviatiorj in prefor- 
matted area position between the layers, there is a ne- s 
cessity to avoid the adverse affection upon recording/ 
reproducing operation such as variation in reproduced 
BF signal caused by variation in transmittance, lower 
SN (signal-to-nolse ratio), etc. as in the foregoing. 
[0011] Furthermore, in the correction for avoiding io 
such an adverse effect, there is a need to correctly de- 
tect a Preformatted area position of the layer other than 
the layer to be actually recorded. 
[0012] For this reason, the prefonnatted areas be- 
tween the layers, if overlapped even in part, malie it dif- « 
ficult to detect a correct position and maice a correction 
signal complicated. Consequently, there is a necessity 
to distinctly deviate the preformatted areas between the 
layers, on the premise of making the correction. 

so 

OBJECT AND SUMMAflY OF THE INVENTION 

[0013] It is an object of the present invention to pro- 
vide a high-perfonnance multi-layer optical rotary re- 
cording mecflum suitstole for performing stable record- zs 
ing/reproduciion, and a recording/reproducing method 
and apparatus forthe multi-layer optical rotary recording 
medium. 

[0014] According to one aspect of the present inven- 
tion, there Is provided a recordable mufti-layer optical » 
recording medium laminated with a plurality of recorcSng 
layers each having data recording areas divided in a 
tracing direction of a light beam by preformatted areas, 
wherein the preformatted areas are fonned without any 
overlap with one another in a laminated direction be- ss 
tween the recording layers. 

[0015] According to aiother aspect of the present in- 
vention, tiiere is provided a recording method of a re- 
cordable muld-layer rotary recording medium having a 
plurality of recording layers each having date recording 40 
areas divided in a tracing direction of a light beam by 
prelonrtatted areas, which comprises the steps of a 
reading step of detecting a reflection llghtfrom a record- 
ing layer to which a recording is to be made and con- 
verting the detected light into a read signal; a detecting « 
step of detecting a position of a preformatted area of a 
recording layer which the optical beam transmits there- 
through otherthan the recording layerto which a record- 
ing is to be made; and a oomecAing step of correcting 
intensity of an irradiation light beam upon recording so 
based on the read signal and the prefomnatted area po- 
sition. 

JOOIS] According to another aspect of the present in- 
vention, there is provided a reproducing method of a re- 
cordable multi-layer rqtary recording medium having a ss 
plurality of recording layers each having data recording 
areas divided in a tracing direction of a light beam by 
prefonmatted areas, which comprises the steps of a 



reading step of detect ng a reflection light from a record- 
ing layer from which a reproduction is to be made and 
converting the detected light Into a read signal; a detect- 
ing step of detecting a poslion of a prefomnatted area 
of a recording layer which the optical beam transmits 
therethrough other than the recording layer from which 
a r^roduction is to be made; and a con-ecting step of 
conecting a reproduced signal upon reproduction on the 
basis of the read signal and the prefomiatted area po- 

[0017] According to another aspect of the present in- 
vention, there Is provided a recording apparatus of a re- 
cordable multi-layer rotary recording medium having a 
plurality of recording layers each having data recording 
areas divided in a tracing direction of a light beam by 
preformatted areas, which comprises a reading portion 
for detecting a reflection light from a recording layer to 
which a recording is to be made and converting the de- 
tected light into a read signal; a detecting portion tor de- 
tecting a position of a prefoimatted area of a recording 
layerwhirfi tiie optical beam tran sm Its therethrou gh oth- 
er than the recording layer to which a recording is to be 
made; and a correcting portion for correcting intensity 
of an inBdiation light beam upon recording based onthe 
read signal and the prefomiatted area posiion. 
[001 8] According to another aspet^ of the present in- 
vention, there is provided a reproducing apparatus of a 
recordable multi-layer rotary recording medium havir^ 
a plurality of recording layers each having data record- 
ing areas divided in a tracing direction of a light beam 
by prefonnatted areas, which comprises a reading por- 
tion for detecting a reflection llghtfrom a recording layer 
from which a reproduction Is to be made and converting 
the detected light into a read signal; a detecting portion 
for detecting a position of a prefomiatted area of a re- 
cording layer which the optical beam transmits there- 
through other than the recording layer from which a re- 
production is to be made; and a correcting portion for 
coffectlng a reproduced signal upon reproduction onihe 
basis of the read signal and the prefomiatted area po- 
sition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 

Fig. 1 is a schematic view Illustrating a structure of 
prefonnatted areas, data areas and sectors in an 
optical disc; 

Fig. 2 is a magnifying view illustrating a preformat- 
ted area and data area, together with transmittanc- 
es of the areas; 

Figs. 3A and 3B are plan views respectively show- 
ing positional deviations of preformatted areas due 
to eccentricity and rotation between a first recording 
layer and a second recording layer; 
Fig. 4 is a plan view of a two-layer optical rotary re- 
cording medium of afirst embodiment of the present 
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Invention; 

Fig. 5 is a sectional view in a tracing direction show- 
ing a relationship between the prefofmatted areas 
5A and 5B and data areas 6A, 6B OT the two-layer 
optical rotary recording medium of the first embod- 
iment of the present invention; 
Fig. 6 is a bfocl< diagram showing a configurattan of 
a recording/reproducing apparatus of a second em- 
bodiment of the present invention; 
Fig. 7 is B fiowcnart showing a procedure of recor- 
dation/reproduclion con-eoting operation for the re- 
cording/reproducing apparatus of the second em- 
bodiment of tiie present invention; 
Rg. 8 shows a reproduced RF signal read from a 
layer (second layer) to which a recording is to be 
made, for one rotation of the opfical disc; 
Fig. 9 shows a variation amount due to a first-iayer 
Preformatted area (flrst-layBrprefomiat-signal com- 
ponent); 

Fig. 1 0 shows one exanfiple of a recordation correct- 
ing signal; 

Fig. 11 shows a reproduction-gain correcting signal 
and a reproduction-offset correcting signal; 
Fig. 12 illustrates a variation in reflection light 
amount; 

Fig. 13 ie a blodc diagram showing a configuration 
of a recording/reproducing apparatus of a third em- 
bodiment of the present invention; 
Fig. 14 is a bloci< diagram showing a configuration 
of a recording/reproducing apparatus of a fourth 
embodiment of the present invenfion; 
Fig. 1 5 illustrates an occun-ence time (71, i = 1 , 2, ...) 
of first- layer prefomiat-signals(SPI) with respect to 
a reference time; 

Fig. 16 is a figure showing a relationship between 
a magnitude of an eccentricity (Ax, Ay) and rotation- 
direction deviation (6) between the recording layers 
in the disc and an occurrence time of a variation due 
to a first-layer prefonnat-signal in a position of radi- 
us (r). 

Fig. 17 is a blool< diagram showing a configuration 
of a recording/reproducing apparatus of a sixth em- 
bodiment of the present invention; 
Fig. 1 8 is a flowchart showing a procedure of a re- 
conjation correcting operation in the sixth embodi- 
ment of the present invention; and 
Fig. 19 is a flowchart showing the procedure of a 
recordation corecting operation in the sixth embod- 
iment of the present invention, 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIIWENTS 

[0020J Embodiments of the present invention will be 
described in detail with reference to the drawings. Note 
that, in the following description , the substantially equ Iv- 
alentstaictural elements are attached with thesame ref- 
erence numerals. 



First Embodiment 

[0021] Before describing a first embodiment of the 
present siverrtion, described is the positional deviation 

5 between pre-fomiat areas. Note that the description be- 
low is on the example of an optical disc having two re- 
coKfing layers using a phase-change medium, foram- 
plicity of description. Also, the description of the exam- 
pie is on that a first recording layer {upper layer) 1 1 and 

10 a second recording layer (lower iayei) 12 are formed in 
the optical disc In the order with respectto an irradiation 
direction of a laser beam for recording or reproducing 
information data signals. The second layer 12 is a re- 
cording layer distant from an objective lens for focusing 
a laser beam. 

[0022] Figs. 3A and 3B are plan views for illustrating 
a postional deviation between the prefonnatted areas 
SAand 5B respectively in the first recording layer 1 1 and 
the second recording layer 12 (hereinafter, referred to 
so as first layer and second layer). The first layer 11 is 
shovirn wlh the solid lines and the second layer 12 with 
the broicen lines. The cause of positional deviation oo- 
cun-ence between the preformatted areas 5A and 5B is 
to be classified as those due to the deviation of the cent- 
ra ers of the first layer 11 and the second layers, i.e. ec- 
centricity (Rg. 3A) and those due la The devtaJion m ro- 
tational direction (Fig. 38). 

[0023] Fig. 4 Is a plan view lliuslrafing a two-layer op- 
tical rotary recording medium 10 of a first embodiment 
so of the present invention . Similarly to Fig. 3, representa- 
tion is only made by the lines showing the division of the 
recording layers, for simplicity of description. Note that 
only deviation In rotational direction is shown In Fig. 4. 
Thefirst layer 11 andthesecond Iayer12 have recording 
3S areas divided in a concentric (annular) form. Fig, 4 
shows the case in which the recording areas in the outer 
periphery of the fist layer 1 1 and the second layer 1 2 are 
each divided into eight data areas 6A, 68 by preformat- 
ted areas SA, 5B. Similarly, the recording areas in the 
^0 intermediate and inner peripheral regions are, respec- 
tively, divided into seven and six data areas SA, SB. The 
first layer 11 and the second layer 12 have a deviation 
of eccentricity and/or rotation which is intentionally pro- 
vided in the manufacturing process, whereby the pre- 
y's fonnatted areas 5A and 5B are formed in distinetiveiy 
deviated positions. 

[0024] Fig. 5 is a sectional view in a beam tracing di- 
rection, showing a relationship between the prefonnat- 
ted areas 5A and 5B and the data areas 6A, 6B of the 

so two-layer optical rotary recording mBdium 10. The pre- 
fonnatted areas 5A and 5B are formed deviated 
throughout the planeof the recording medium 10 in such 
a manner that the prefonnatted areas 5A and 5B does 
not have overlap portions in a direction of recording-lay- 

55 er lamination. By thus forming the prefonnatted areas 
in each recording layer of the recording medium 10, it is 
possible to eaaiy separate and extract a prefonnat-sig- 
nal from a read sign^. 
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[0025] Note that the above-described recording-area 
divisional form and division number is a mere exempli- 
fication, i.e., it is satisfactory to males division so as to 
avoid overlaps of preformatted areas. Also, although 
l=lg. 4 exemplffled for a deviation In a rotation direction, s 
the present invention can applied to acase wherein de- 
viation due to eccsntrieily exists. In brief, the prefonnat- 
ted areas sliouid be fomed without overlap in the dineo 
tion of lamination between the recording layers. 

10 

Second Embodiment 



[0026] Fig. 6 is a block diagram showing a configura- 
tion of a recording/reproducing apparatus (hereinafter, 
referred simply to as recording/reproducing apparatus) is 
of a second embodiment of the present invention. An 
optical pfckup 21 includes an optical s/stsm induding a 
focus lens, a beam spltter and an objective lens, a light- 
source laser diode and a photodetector (not shown). 
The optical picl<up 21 emits a light beam, as recording so 
or reproducing light, on an optical disc 10 which is a re- 
cording medium. The optical piclcup 21 detects a reflec- 
tion lightfrom a recording layer of the optical disc, there- 
by reading out a signal corresponcSngto atrack and in- 
formation pit or recording mark formed on the optical 25 
disc 10. Tracking servo and focus seivo control on the 
objective lens Is perfomied In order to corredly focus 
the light beam on an inforrrratlon recording surface of 
the optical disc 10 (not shown). 

[0027] TTis read signal (RF signal) supplied from the 3i> 
optical piclcup 21 is amplified in an amplifier circuit 22 
and supplied to a prepit reading circuit 23. The prepit 
reading circuit 23 extracts prepit and wobbfe signals. A 
synchronizing clock and timing signal generating circuit 
24 generates aclocksignal(CK) and atlming signal syn- 3s 
chronized with rotation of the optical disc 10. The gen- 
erated signals are supplied to a control section (CPU) 
26 for controlling the apparatus overall, The generated 
signals are used for various control purposes. Tfts CPU 
26 detects from the signals a prefomnatting position of 40 
a recording layer to which a recording is to be made. 
The CPU 26 may be provided with or connected to a 
storage device (not shown) for storing data as neces- 
sary. 

[0Q2B] The read signal amplified In the amplifier circuit 45 
22 is also supplied to a low-pass filter (LPF) 28 and only 
a low-frequency component of the signal is supplied to 
an analog-digital (A/D) converter 29. The signal convert- 
ed into a digital signal in the A'O converter 29 is supplied 
to a memory 31 In accordance with a timing signal from so 
the timing signal generating circuit 24 and stored there- 
in. 

[0029] The signal stored in the memory 31 is supplied 
to a recordation-correcting signal generating circuit 33. 
The signal is binarized in a binarizing circuit 34 provided ss 
in the recordation-coH'ecting signal generating circuit 
33, and then multiplied by a coefficient (a) in a multiplier 
35A and added with an offset (P) in an adder 35B, there- 



by a recordation correcting signal is generated. The re- 
cordation con-ecting signal is sent from the recon^ation- 
oorrecting signal generating circuit 33 to a laser power 
control circuit 36. In the laser power control circuit 3B, a 
laser beam power upon recording is controlled on the 
basis of the recordation -conceding signal. 
[0030] The si^al stored in the memory 31 is also sup- 
plied to a reproduction-correction signal generating cir- 
cuit 37. This signal is binarized in a binatlzing dicuitSB 
provided in the reproduction-correction signal generat- 
ing circuit 37. and then multiplied by a coefficient (v) and 
added with an offset (5) in a multiplier 39A and an adder 
39B, thereby a reproduction -gain correciion signal is 
generated which represents an amount of gain-correc- 
tion (hereinafter, simply refen-ed to as gain-correction 
amount) upon reproduction. The binary signal from the 
binarizlng cBioult38 is multiplied by a coefficient (Q in a 
multiplier 39C, thereby a reproduction-offset con-ection 
signal Is generated which represents an offset correc- 
tion amount during reproduction. In the multipliers 41 A 
and adder 41 B, the read signal from the amplifier circuit 
22 is corrected using the reproduction-gain con-ection 
signal and the reproduction-offset cor-ection signal and 
then supplied to a signal reproducing system 43, 
[0031] Note that the recordation-correcting signal 
generating circuit 33 and the reproduction-con-ection 
signal generating circuit 37 are connected to a control 
bus of the CPU 26, and controlled by the CPU 26. The 
control signal OS supplied ttirough the conrnil bus con- 
tains the foregoing coefficients and offset values (a, p) 
and (7, 6,0 

[0032] In the above, although the recordatton-con-ect- 
ing signal generating circuit 33 and the reproductlon- 
con-ectton signal generating circuit 37 are shown by sep- 
arate circuit blocks, a digital signal processor (DSP) or 
the like may be used. Also, thebinarizirtg circuits 34, 38, 
although not necessarily required, are effective in reduc- 
ing the scale of the processing circuit. 
[0033] The signal reproducing system 43 is a general 
sS^al reproducing circuit fomned by an LPF 44, a high 
pass filter (HPF) and ATC circuit 45, a PLL circuit4e and 
a signal reading circuit 47, to output a corrected read 
signal as a reproduced signal. The signal reproducing 
system 43 is controlled by the CPU 26 through a control 
bus. Incidentally, where there is difficulty in completely 
remo\rtngthe variation in the other layer bytheforegoing 
correction processing system during reproduction, it is 
preferred in some cases to change the frequency band 
of a feedback system, such as ATC, AGC and PLL. or 
hold the processing by the control of the CPU 26, for 
example. After hold cancellation, more stable reproduc- 
tion control can be made by adaptively changing the 
band of the HPF or the PLL. Such adaptive processing 
can be made by implementing such control using the 
signal from the reproduction-correction signal generat- 
ing circuit 37. 

[0034] The recordation/reproduction correcting oper- 
ation by the recording/reproducing apparatus will be de- 
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scribed below with reference to a flowchart shown In Fig. 
7. Note that the recordatlon/reproduction correcting t^- 
eration is carried out underthe controt of the control sec- 
tion 25, 

[0035] It Is determined whether or not the disc set on s 
the recording/reproducing apparatus Is already record- 
ed (step S1 1 ). When It is determined that ths disc is not 
already recorded, the reflection-light amount change In 
an unrecorded state is measured as a reproduced RF 
signal (step S1 2). Fig. 8 shows a reproduced RF signal io 
read from a layer (second layer 12) to which a recording 
is to be made, in respect of one rotation of the optical 
disc. The preformat-signals (SP2) of the second layer 
i2 appear with a period of the prefomiattsd areas in the 
reproduced signal. On the other hand, the prefomiat- is 
signals (SPI ) of the first layer 1 1 appear in accordance 
with the eccentricity amount and the deviation in rota- 
tional direction, A signal representing a reflection light 
amount is obtained by the LPF 28 from the reproduced 
RF signal. From the measurement data of a reflection- so 
light amount, an amount of variation due to the first-layer 
prefomatted area .{preformat-signal component of the 
first-layer) is extracted as shown in Fig. 9 (step SI 3). 
The exfracted data is stored in the memory 31 (step 

S14). 2! 

[0036] The extracted data stored in the memory 31 is 
multiplied by a coefflraent (a) and added with an offset 
(P) so as to cancel the variation amount due to theflret- 
layer prefonnatted area, thereby generating a recorda- 
tion-correcting signal shown in Fig. 1 0 (step S15). The so 
recordation-comecting signal Is sent to the taser-power 
control circuit 36, whereby recording is performed while 
correcting the recording laser power in accordance with 
the recordation -con^cting signal (step S16). 
[00371 When it is determined that the disc is already 3S 
recorded in step S11 , the amount of reflection Hghtfrom 
a recording track is measured (step SI 7). Note that, in 
step SI 7, measurement may be made or? an amount of 
reflection light from an unrecorded track. Then, simllarty 
to the foregoing, an amount of variation due to the f inst- m 
layer Preformatted area is extracted from the reflection- 
light-amount measurement data (step S18) and stored 
inthe memorySI (step SI 9). Thereafter, it is detennined 
whether the next operation is recording operation or re- 
producing operation (step S20). In the ease of recording 4s 
operation, a recordation-correcting signal is generated 
(step S21 ) wrtiereby recordation is earned out while cor- 
recting laser power on Hie basis of the recordation -cor- 
recting signal (step S22). In the case of reproducing op- 
eration in step S20, the extracted data stored in the so 
memory 31 is processed so as to cancel the variation 
amount given by the first-layer preformatted area. As 
shown in Fig. 11 , the extracted data is multiplied by a 
coefficient (y) and added with an offset (5} thereby gen- 
erating a reproduction-gain correcting signal. Also, the 55 
extracted dala is multiplied by a coefficient (C) thereby 
generating a reproduction-offset correcting signal (step 
S23). The read signal is conBcted and reproduced by 



the reproduction-gain con^ting signal and the repro- 
duction-offset correcting signal (step S24). With the 
above procedure, correcting operation is executed dur- 
ing recondation/reproduotion. 

P038] It should be noted that the read signal can be 
corrected continuously while performing data recording 
or reproducing operation by repeating the recordation/ 
reproduction correcting procedure of the flowchart 
shown in Fig.7 as a loop. 

[0039] The foregoing second embodiment can be ap- 
plied to various cases. A modification is described be- 
low. 

[0040] The reflection light amount varies on each 
measurement because the amount of reflection light 
from the optical disc varies acconiing to various factors 
as shown in Fig. 12. Among such variations, the com- 
ponent of variation in time can beeiiminated by averag- 
ing the measiHiement data that are sjmchronlzed with 
disc rotation. For example, this can be realized by mak- 
ing the memory 31 in a loop structure to multiply and 
add measurement data into the memory 31 . Or othe^ 
wise, such operation processing can be realized by the 
control of the CPU 26. 

[0041] In another modification, the amount of varia- 
tion due to the first-layer prefomiatted area (first-layer 
prefonnat-signal component) can be extracted on the 
basis of a position of a prefomiatted area of the first lay- 
er, i.e. the recording layer through which an irradiation 
beam transmits. Usually, the preformatlBd area size 
(physbal size) Is previously determined. Accordingly, if 
a ihear velocity upon reading is determined, when and 
what extern vartatton occurs can be detennined by a cal- 
culation from a size (position) thereof, a distance be- 
hweenthe recording layers andareading optical-system 
setting. Consequently, by eliminating a variation smaller 
or greaser than a predetennined value thus calculated 
as a variation caused by another factor, it is possible to 
extract only avariation due to a firet-layer prefonnat-sig- 
nal. This oaicuiation processing can be realized by dis- 
crete circuit blocks, a DSP (not shown), hardware euoh 
as the CPU 25 or software installed in the CPU 26. 
[0042] Furthennore, inanothermodification.theproc- 
ess of eliminating a variation smaller than a predeter- 
mined value can be carried out. by removing a low-fre- 
quenc/ component from a measured signal by an LPF 
for example, for extracting only a variation due to the 
foregoing first-layer prefomiat-agnal,. Also, there is a 
merit ftat the amountof data stored can be reduced by 
using a measurement data signal and correction signal 
of a required frequency-band. Furthemnore, the prede- 
tennined frequency-band measurement data signals 
thus obtained may be sampled and stored in the mem- 
ory 31 , This processing can be realized by providing a 
sampling dncuit, a DSP, hardware such as the CPU 26 
or software. 
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Third Embodiment 

[0043] Fig. 13 is a block diagram showing a configu- 
ration of a recording/repfoducing ^paratus of a ihlrd 
embodiment of the present invention. The recording/re- 
producing apparatus of the embodimenl Is particjiarly 
suited for a multi-layer recording medium having a landi' 
groove structure comprising lands and grooves. 
[0044] In this embodiment, a memory 31 has two 
channels of storage areas for lends and grooves. Also, 
selectors 52, 53, for selecting respective ones of data 
on a land and a groove, are each configured in an inpuV 
output port of the memory 31 . The selectors 52, 53 op- 
erate dependent upon a control signal from a CPU 26 
or a timing signal from a timing generating circuit 24. 
Furthermore, configured are coefficient unite 51 A, 51 B 
to perfonnmultiplying and addhg operations on the data 
from an A/D converter's. Consequently, the memory 
31 , the selectors 52, 53 and the cosfflclent units 51A, 
51 B configure a loop whereby the measurement data 
synchronous with disc rotation is processed with adding 
and averaging respectively for a land and a groove. 
[0045] The signal which represents a variation 
amou nt due to the first-layer pref ormatted area {first-lay- 
er preformat-signal component) thus processed and ex- 
tracted is sent to a recordation-oorrecting signal gener- 
ating circuit 33 and a reproduc^ion-con'ection signal 
generating circuit 37. in the recordatton-correcting s^- 
nal generating circuit 33 andthe reproduction-con^ion 
signal genersting drcult 37, a recordation-con^lng 
signal and a reproduction-correcting signal are gener- 
ated on the basis of the extracted data, e.g. by a similar 
method to that of the first embodiment. 
[0046] Consequently, according to the embodiment, 
it is possible to eliminate the variation due to the Prefor- 
matted area of the upper-layer with high accuracy since 
recordation correctbn or reproduction correction can be 
independently earned out on each of the land and the 
groove. 

[0047] A modification to the embodiment is descrfced 
below. As in the foregoing, there is a oase that the var- 
iation due to the prefonmatted area of the other layer 
differs between the land and the groove. However, the 
provision of two correction -processing systems leads to 
circuit complbation and size-increase or manufacture- 
cost Increase. Accordingly, in this case, the processing 
systems may be integrated to average the respective 
variations on the land and the groove. SpecificaHy. in 
Fig. 13, the selector 53 may be replaced with an aver- 
aging circuit to average the extracted data for the land 
an6 the groove. The recordatton-correcting signal gen- 
erating circuit 33 arxj the reproduction-correction signal 
generating circuit 37 may be configured to generate a 
correcting signal on the basis of the averaged extracted 
data. 



Fourth Embodiment 

p)048] Fig. 14 is a bioclt diagram showing a configu- 
ration of a recording/reproducing apparatus of a fourth 

s embodiment of the present invention. In the recording/ 
reproducing apparatus of the embodiment is provided 
with a first-layer preformat-signal detecting circuit 55. 
The prefomiat-slgnal detecting circuit 55 detects an oc- 
cun-ence time (Tl = 1, 2, ...) of a first-layer prefomiat- 

10 signal (SP1) wHth respect to a reference time from the 
data reptesentir^g a reflection light amount through the 
A'D converter 29 and supplies the occurrence time to a 
CPU 26 as shown in Fig. 15. A timing signal from the 
timing generating circuit 24 can bs used as the refsr- 

rs ence time. For example, the reference time can be due 
to a starting time or ending time of a prefonnat-signal 
(SP2) in the second layer being currently read. 
[0049] The CPU 26 refersto the recording-layer char- 
acteristic data (trananlttartoes of an amorphous and 

20 crystaltine portions) stored in the storage device 57, a 
position of the first-layer p reformatted area o r a distance 
between the layers to calculate a variation amount due 
to a first-layer prefomiat-signai (i.e., prefonnat-signal 
component of the first-layer) on the basis of an occur- 

2s rence time of the first-layer prefomnat-signai supplied 
from a prefomiat-signal detecting circuit 55. The calcu- 
lation result is stored in a memory 56. The signal repre- 
senting the calculated variation due to a first-layer pre- 
fonmatted area is sent to the recordation-correcting sig- 

30 nai generating cin:uit 33 andthe reproduction-correction 
signal generating circuits?, in the recordafion-oon^- 
ing signal generating cicuit 33 and the reproductlon- 
con^lon signal ganerating circuit 37, a recordation- 
con-ectlng sl^al and a repmductjon-correctlng signal Is 

35 generated on the basis of the calculated data, for exam- 
ple, by a meUiod similar to tiiat of the foregoing embod- 
iment. 

[0050] Consequently, according to the embodiment, 
the required storage capacity can be greatly reduced 
40 since there is no need to store the data, as it Is, which 
represents a variation duo to af irst-layer prefonnat-sig- 
nal. Note that, in addition to the occun-ence time (Ti) of 
a first-layer prefomnat-signai, the magnitude thereof 
(SP1) may be stored. 

45 

Fifth Embodiment 

[0051] The configuration of a recording/reproducing 
apparatus of a fifth embodiment of the present invention 

so is sbnilar to that of the fourth embodiment. In this em- 
bodiment, the occurraice tme of a first-layer preformat- 
signal Is calculated from an eccentricity amount and ro- 
tational-direction deviation between the recording lay- 
ws, to carry out correction. The detail of the embodiment 

ss will be described below. 

[0052] As shown in Fig. 1 6, when the recording layers 
are equal in the number of prefomatted areas within the 
same zone and the eccentricity (Ax, Ay) and the devia- 
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tlon (6) in a rotational dinsction between the recoRaing 
layers of the disc is known, it is possible to calculate an 
occurrence time of a variation at a position of a radius 
(r) due to a f IrsMayer preformat-signal. 
ID053] In a similar manner to the fourth embodiment, 
the preformat-signal detecting circuit 55 detects an oc- 
currence time {71, 1 = 1 , 2, ..,) of a first-iayer preformat- 
stgnal (3P1) with respect to a reference time, and sup- 
plies the occurrence time to the CPU 26. A preformat- 
signal (SP2) In a layer (second layer) being cun^ntfy 
read can be used es a reference time, for example. 
[0064] The C PU 26 calculates th e eccentricity (Ax, Ay) 
and the deviation (G) in a rotational direction between 
the first layerll and the second layer 12 by using afirst- 
iayer preformat-sign^ occun^noe time Ti, and stores 
the calculated data in the storage device 57. This 
processing is not requlredto porfomi on a traek-by-track 
basis provided that the nttnbor of prefomiatted areas is 
constant within a zone. The CPU 26 cabulates an oc- 
currencetimeTiofflfirst-layerpnefonnat-signalfromthe 
radius on atrack-by-track basis by the use of the stored 
data (Ax, Ay, 6). Then, similarly to ttie fourth embodi- 
ment, reference Is made to the transmittances and the 
data of a position of a first-layer preformatted area, the 
distance betvreen the layers and the like to cafcuiate a 
variation due to a first-layer preformat-signal. The cal- 
culation result is stored in the memory 56. On the basis 
of a signal representing the calculated variaUon amount 
due to a first-layer Preformatted area, a recordation-cor- 
recting signal and a reproduceon-correctrng signal is 
generated in the recordation-oorrecAIng signal generat- 
ing circuit 33 and the reproduction-correction signal 
generating circuit 37. 

10055] Consequently, according to the embodiment, 
there is no need to store the data, as it is, representing 
a variation due toafirst-layerprefonnat-signal. Also, be- 
cause the frequency of performing measurements prior 
to recording or reproducing is reduced, it is possible to 
greatiy reduce the required storage oapaoity and carry 
out a rapid operatbn. 

Sixth Embodiment 

[0056] Fig. 1 7 Is a block diagram showing a configu- 
ration of a recording/reproducing apparatus of a sixth 
embodiment of the present invention. The recording/re- 
producing apparatus of this embodiment has a configu- 
ration to evaluate a read signal from the anplifier circuit 
22 and chaige a correcting-signal generation process 
in accordance with the evaluation result. 
[0057] More particularly, an evaluation circuit 63 eval- 
uates 8 reproduced RF signal from the amplifier circuit 
22 by using a variation parameter. The variation param- 
eter is, for example, a reflection light amount, a jitter val- 
ue of the reproduced RF signal, a maximum value of an 
envelope (Itop), an annpiltude and so on. The evaluation 
circuit 63 has an evaluation function or evaluation t^le 
for evaluation. The evaluation result is supplied to the 



recordation-oorrecting signal generating circuit 33 and 
Bie reproducfion-conwtion signal generating circuit 37. 
The recordationHcorrecting signal generating circuit 33 
and reproductlon-oomBction signal generating circuits/ 
5 is configured such that the parameter In a generation 
processing function or processing function for correct- 
ing-slgnal generation can be changed on the basis of a 
signal representing the evaluation result. For example, 
the recordatibn-correcting signal generating circuit 33 
10 andthe reproduction -comection signal generating circuit 
37 have a plurality of processing functions or parameter 
tables. Orothenwise, they may be configured to change 
the gonerafion process by th© control of CPU 26. 
[0058] FurthemiDre, an update switch 65 is provided 
IS to update the measurement data representative of a var- 
iation amount ckie to a first-layer prefomnat-signal to be 
sent to the memory 31 . The update switch 65 Is controi- 
Jed by the CPU 26 to operate switching the data transfer 
to the memory 31 when chan^ng the disc, changing the 
^ zone In a zone constant angular velocity (ZCAV) disc or 
changing the foregoing processing function. 
[0059] The conecting operation of the recording/re- 
producing apparatus during recording is described be- 
low, with reference to the flowchart shown in Fig. 18. 
25 Note that the recordation/reproduction correcting oper- 
ation Is implemenlsd under control of the control section 
(CPU) 26. Also. In the below, description is made, as an 
example for changing a recordation processing function 
and reproductton processing function, on the case to 
30 change the coefficients and offsets (ot, P), (y, 5, g In the 
recordaHon-con'ecting signal generating circuit 33 and 
reproduction-correction signal generating circuits?, as 
In the case shown In the second embodiment (see Fig. 
11). 

3S [0060] It is determined whether the disc set on the re- 
cording/reproducing apparatus Is already recorded or 
not (step S31). When it is determined that the disc is 
ak-eady recorded, the process moves to step S33. When 
it Ib determined that the disc is not recorded In step S31 , 

-« measured ie a change of a reflection light amount in an 
unrecorded stat» (step S32). From the measurement 
data of the rBfleetbn light amount, extracted Is a varia- 
tion amount due to the first-layer prefonnatted area (i. 
e.. prefomiat-signal conponent of the first-layer) (step 

•*5 S33). The extracted data is stored in the memory 31 
(step S34). The update switch B5 is opened to store the 
measurement data representing a variation amount due 
to a first-layer prefbmiat-signal In the memory 31. 
10061] Then, a processing function In the recordation- 

so correcting signal generating circuit 33 is temporarily de- 
fined. The temporary processing function uses a prede- 
temilned processing function given as initial setting. 
Oftenvise, this may be defined on the basis of an ex- 
tracted fist-layer prefomiat-signal component, in the 

ss er^bodiment, the coefficient and offset (a, P) In the re- 
cordation-oorrecting signal generating circuit 33 is tem- 
porarily delined (step S35}, 

P062] A recordation-oorrecting signal Is generatedby 
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using the temporary value (step S3B), and predeter- 
mined test data is recorded on the basis of the recorda- 
tion correcting signal (step S37). Then, the recorded test 
data is reproduced (step S3B). In the evaluation circuit 
63, a reflection light amount or a reproduced RF signal 
jitter value, Itop, amplitude, etc. Is measured from the 
reproduced signal (step S39). The evaluation ciroult 63 
carries out evaluation with using an evaluation function 
or evaluation tabie, to determine whether an svatuation 
value is within an allowable range or not (step S40]. 
When It Is determined that the evaluation value is within 
the allowable range, a signal representing the determi- 
nation result is sent to the CPU 2S thereby executing 
the recording of information data to be recorded (step 
S41) and exiting the present routine. Where not within 
an allowable range in step S40, a signal representing 
the determination result is sent to the CPU 26 thereby 
executing re-calmlatlon cf a coefficient and offeet (a, ^ 
(step S42). The result of re-calculation is sent to the re- 
cordation-con-ecting signal generating circul 33, thus 
repeating step S36 and the following. 
[0063] Then, the correcting operation of the record- 
ing/reproducing apparatus during reproduction is de- 
scribed below with reference to ttie flowchart shown in 
Fig. 19. Note that the reproduction correcting operation 
is implemented under control of the control section 
(CPU) 26. Also, it is carried out continuously with the 
recordation correcting operation, simultaneously by a 
double-loop configuration or Independently of the recor- 
dation correcting operation. 
[0064J A change In a refiection light amount of a disc 
recording area is measured (step S51). A variation 
amount due to a first-layer preforrnatted area (I.e.. pre- 
format-signal component of ttie first-layer) is extracted 
from the measurement data of a reflection light amount 
(step S52). The ejctracted data is stored in the memory 
31 (step S53). 

[0065] Then, a processing function n the reproduc- 
tion-eon^ion signal generating circuit 37 is temporarily 
defined. The temporary processing function uses a pre- 
determined processing function given ae an initial set- 
ting. Otherwise, it may be defined on the basis of an ex- 
tracted first-layer preformat-slgnal component. In this 
embodiment, a coefficient and offset {y, 5, Q forth© re- 
production-correction signal generating circuit 37 is 
temporarily defined (step S54). 
[0066] A reproduction-correcting signal is generated 
using the temporary value (step S56), and predeter- 
mined test data is reproduced on ttie basis of the repro- 
duction-correcting signal (step S56). In the evaluation 
dncuit 63, a reflection Ight ^ount or a reproduced RF 
signal jittsr value, Itop, anr^lltude, etc. is measured from 
the reproduced signal (step SS7). The evaluation circuit 
63 evaluates with using an evahjation function or eval- 
uation tabie, to detennine whether an evaluation value 
is within an allowable range or not (step S5S). Where 
determined within an allowable range, a signal repre- 
senting the deteimination is sent to the CPU 26 thereby 



carrying out reproduction of information data to be re- 
produced (step S59) and exiting the present routine. 
Where not within an allowable range In step S58, a sig- 
nal representing the detemnination is sent to the CPU 
5 26 thereby canyf ng out the re-calcu latio n of a coefficient 
and offset (y, 5, Q (step S60). The result of re-calculation 
is sent to the reproductiort-correclion signal generating 
circuit 37, repeating the steps of the step S55 and the 
following. 

« pOST] Consequently, according to the embodiment, 
high-performance recordation and reproduction can be 
perfonncd since a reproduction correcting signal is de- 
tected to carry out recording correction and reproducing 
con-sctionso as to obtain a favorable reproduced signai. 

15 [0068] A modification to the embodiment is described 
below. Although the foregoing embodiment described 
on the case that the measurement of a finst-iayer pre- 
format-slgnal component and change of a processing 
function is made each time a disc is set, a measurement 

^ and/or processing function change may be made as re- 
quired. For example, the measurement of a firs-layer 
prefomiaE-signal component and a change of a process- 
ing function may be made each time a zone is changed 
during recordation to or reproduction from a ZCAV disc, 

2s [0069] Also, the foregoing embodiment described on 
the case that, where an evaluation value is out of an 
allowable range, a processing-function coefficient and 
offset is calculated 1o chang the processing function. 
However, where the evaluation value becomes outside 

30 the alowable range, the processing function may be 
changed after measuring a first-layer prsfomnat-signal 
component. 

[0070] As described In detail above, according to the 
present invention, !t is possible to provide a high-per- 
35 formance mu Iti-layer opticai rotary recording medium for 
stable recordation and/or reproduction and a recording' 
reproducing method with the multi-layer optical rotary 
recording medium. 

[0071] Incidentally, the foregoing embodiments, al- 
^ though described on the example of a two-layer optical 
diso, are applicable also to an opticai disc having a plu- 
rality of recording layers. 

[0072] Also, the foregoing embodiments are mere ex- 
emplification, which can be applied with proper modifi- 
cation or combination In various ways. 
[0073] As apparent from the foregoing, the present in- 
vention can provide a high-perfomiance multi-layer op- 
tical rotary recordin g medium for stable recordation and/ 
or reproduction and a method for recording/reproducing 

so the muli-layer optical rotary recording medium. 

[0074] The invention has been described with refer- 
ence to the preferred embodiments thereof, it should be 
understood by those skilled In the art that a variety of 
alterations and modifications maybemadetromtheem- 

ss bodiments described above. It is therefore contemplat- 
ed that the appended claims encompass all such atter- 
ations and modifications. 



9 



B*SDCCID: <EP ^1 19B749MJ_> 



17 



EP1 195 749 A2 



18 



Claims 

1. A recordable multi-layer optical recording medium 
laminated with a plurality of recording layers each 
having data recording areas divided In a tracing dl- s 
rection of a light beam by preformattsd areas, 
wherein; 

said pnefomiatied areas are formed withoiA 
any overlap with one another Irt a laminated direc- 
tion between the recording layers. ro 

2. A recording method of a recordable multi-layer ro- 
t^ recording medium having a plurality of record- 
ing layers each having data recording areas divided 

in attacing cirection of a light beam by prefomiatted is 
areas, compriangthe steps of: 

a reading step of detecting a reflection light 
from a recording layer to which a recording is 
to be made and convaling the detected light so 
Into a read signal; 

a detecting step of detecting a position of a Pre- 
formatted area of a recording layer which said 
optical beam transmits therethrough other than 
the PBcording layerto which a recording is to be 25 
made; and 

a correcting step of correcting intensity of an 
Inadlation light beam upon recording based on 
eaid read signal and the preformatted area po- 
sition. 30 

3. A recording method according to claim 2. wherein 
said correcting step corrects intensity of an irradia- 
tion light beam upon recording based on a compo- 
nent of the read signal synchronized with rotation ss 
of said multi-layer rotary recording nrKdium. 

4. A recording method according to claim 2, wrfierein 
said correcting step perfomis oon'ection based on 
size of said pretormatted area, of a recording layer *o 
which said optical beam transmits therethrough oth- 
er than the recording layer to which a recording is 

to be made and a distance between the recording 
layer which said optical beam transmits there- 
through andthe recording layerto which a recordlr^ ^5 
is to be made. 

5. A recording method according to claim 2, wherein 
said correcting step corrects intensity of an inadia- 
tion light beam upon recording based on a low-fre- so 
quency band component of said read signal. 

6. A recording method according to claim 2, wherein 
said multi-layer rotary recording medium comprises 

a land-and-groove structure formed by lands and ss 
grooves, said reading step and said correcting step 
being executed for each of said lands and said 
grooves. 



7. A recording method according to claim 6, further 
comprising an averaging step of averaging read sig- 
nals for said lands and said grooves, said correcting 
step being executed to con-ect intensity of an Irra- 
diation light beam upon recording based on an av- 
eraged read signal. 

8. A recording method according to claim 2, wherein 
said reading step measures time of the read signal 
with reapectto, as areferenoetme, adeteotion time 
of a reflection light from said prefonnatted area of 
the recording layer to which a recording is to be 
made, said correcting step correcting intensity of an 
irradiation light beam upon recording based on said 
reference time. 

9. A recording method according to claim 2. wherein 
said reading step measures time of the read signal 
with respectto, as a reference time, a detection lime 
of a reflection light from said prefonnatted area to 
which a recording is to be made, said con-ecting 
step con-ecting intensity of an irradiation fight beam 
upon recording based on the reference time, a re- 
flection light intensity in said prefotmatted area of 
the recording iayer whbh said optical beam trans- 
mits therethrough oftierthan the recording layerto 
which a recording is to be made and a distance be- 
tween the recordng layer wWch said optical beam 
transmits therethrough and the recording l^r to 
which a recording is to be made. 

10. A recording method according to claim 2, further 
comprising a step of calculating from said read sig- 
nal an eccentricity amount and a rotation angle de- 
viation of at least one other recording layer with re- 
spect to the recording iayer to whbh a recording is 
to be made, a step of storing the eccentricity amount 
and the rotation angle deviation for each recording 
layer and astep of salculetinga correction time and 
a eomeetlon value for each of the at least one other 
recording layer from the eooenlrlclty amount and 
the rotation angle deviation, wherein said correcting 
step con-ects intensity of an irradiation light beam 
upon recording based on said correction time and 
said con-ection value. 

11. A recording method according to claim 2, wherein 
said conreaing step includes an adjusting step of 
ac^LGting a correction value on the basis of a vari- 
ation in a variation parameter of said read signal 
due to execution of the correction. 

12. A reconfirg method according to daim 11 , wherein 
said variation parameter is a jitter amount of said 
read signal. 

13. A recording method according to claim 1 1 . wherein 
said variation pareuneter is an amplitude of said 
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read^gnal. 

14. A recording method according to claim 11 , whenein 
said variation parameter is a magnitude of an enve- 
lope of said read signal. s 

15. A recording meUiod according to claim 11 , wlierein 
said adjusting step adjusts said correction value 
when a variation in said variation parameter ex- 
ceeds a predetermined vaiue. io 

16. A recording method according to claim 2, further 
comprising a determining step of d9t9mnining a 
change of tlie multi-layer rotary recording mecfium 

to whicli a recording is to be made, to execute said is 
reading step and said correcting step in order In ac- 
cordance with a determination result In said deter- 
mining step. 

17. A recording method according to claim 2, wlierein bo 
said multi-layer rotary recording medium is a zone 
constant angular velocity (ZCAV) disc, said deter- 
mining step includes an Identifying step of identily- 

ing a change of a zone to which a recording is to be 
made, to execute said reading step and s^d cor- 
recting step in order in accordance with an identifi- 
cation result in said identifying step. 

18. A reproduis'ng mettiod of a recordable multi-layer 
rotary recording medium having a plurality of re- 30 
cording layers each having data recording areas di- 
vided In a tracing direction of a light beam by pre- 
formaned areas, comprising the steps oT: 

a reading step of detecting a reflecliDn light 
from a recording layer from which a reproduc- 
tion is to be made and converting the detected 
light into a read signal: 

a detecting step of detecting a position of a pre- 
formatted area of a recording leyerwhich said 40 
optical beam tranemlte therethrough other than 
the recording layer from which a reproducb'on 
is to be made; and 

a correcting step of con-ecting a reproduced 
signal upon reproduction on the basis of said ^5 
read signal and the prefomnatted area position, 

19. A reproducing method according to claim 18, 
wherein said correcting step corrects a reproduced 
signal upon reproduction on the basis of a compo- so 
nent of the read signal synchronized with rotation 

of said multi-layer rotary recording medium. 

20. A reproducing method according to claim 18, 
wherein said correcting step perfoims correction 55 
based on size of said preformatted area of a record- 
ing layer which said optical beam transmits there- 
through other than the recording layer from which a 
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reproduction Is to be made and a distance between 
tfie recording layer which said optical beam trans- 
mils therethrough and the recording layer from 
which a reproduction is to be made. 

21. A reproducing method according to claim 18, 
wherein said correcting step corrects a reproduced 
signal upon reproduction on the basis of a low-fre- 
quency band component of said read signal. 

22. A reproducing method according to claim IS, 
wherein said multi-layer rotary recording medium 
comprises a iand-and-groove structure formed by 
lands and grooves, said reading step and said cor- 
recting step being executed for each of s^d lands 
and said grooves. 

23. Areproduclng method according to claim 22, further 
comprising an averaglngstepof averaging read sig- 
nals forsaM lands and said grooves, said correcting 
step being executed to correct a reproduced signal 
upon reproduction on the basis of an averaged read 
signal. 

24. A reproducing method according to claim 18, 
wherein said reading step measures time of the 
read signal with respect to as a reference time, a 
detection time of a refle<Aeon light from said prefor- 
matted area of the recording layer from which a re- 
production Is to be made, said correcting step cor- 
recting a reproduced signal upon reproduction on 
the basis of said reference time. 

25. A reproducing method according to claim 18, 
wherein said reading step measures time of the 
read signal with respect to as a reference time, a 
detection time of a reflection light from said prefor- 
matted area from which a reproduction is to be 
made, said correcting step correcting a reproduced 
signal upon reproduction on the basis of the refer- 
ence time, a reflection light intensity In said prefor- 
matted area of the recording layerwhbh said optical 
beam transmits therethrough otherthan the record- 
ing layer from which a reproduction is to be made 
and a distance between the recording layer which 
said optical beam transmits therethrough and the 
recording layer from which a reproduction is to be 
made. 

26. A reproducing method according to claim 1 8, further 
comprising a step of calculating from said read sig- 
nal an eccentricity amount and a rotation angle de- 
viation of at least one other recording layer with re- 
spect to the recording layer from which a r^roduc- 
tion is to be made, a step of storing the eooentriclly 
amount and the rotation angle deviation for each re- 
coniing layer and a step of calculating a correction 
time and a conection value for each of the at least 
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one other recording layer from the eccentricity 
amount and the rotation angle deviation, wherein 
said correcting step corrects a reproduced signal 
upon reproduction on the basis of said correction 
time and said correction value. 5 

27. A reproducing nnethod according to claim 18, 
wherein said correcting step includes an adjusting 
step of adjusting a cotrection value on the basis of 

a variation in a variation parameter of .said read sig- 10 
nal due to execution of the correction. 

28. A reproducing method according to claim 27, 
wherein said variation paranrieter is a jitter amount 

of said read signal. 15 

29. A reproducing method according to claim 27, 
wherein said variation parameter is en amplitude of 
said read signal. 

20 

30. A reproducing method according to claim 27, 
wherein said variation parameter is a magnitude of 
an envelope of said read signal. 

31. A reprodudng method according to claim 27, 25 
wherein said adjusting step adjusts said correction 
value when a variation in said variation parameter 
exceeds a predetermined value. 

32. A reproducing method accordingto claim 18, further 3o 
comprising a determining step of determining a 
change of the multi-layer rotary recording medium 
from which a reproduction Isto be made, to exeoite 
said reading step and said conceding step In order 

in accordance with a determination resuB in said de- 3S 
termining step. 

33. A reproducing method according to claim 18, 
wherein said mu Itl-layer rotary recordirig medium te 

a zone oonetant angular velocity (ZCAV) disc, said 40 
detenriining step includes an identifying step of 
identifying a change of a zone from which a repro- 
duction Is to be made, to execute said reading step 
and said correcting step in order in accordance with 
an identification result in said identilying step. 45 

34. A recordng apparatus of a recordable multi-layer 
rotary recording medium having a plurality of re- 
cording layers each havirgdata recording areas di- 
vided in a tracing direction of a light beam by pre- so 
fonnattad areas, comprising; 

a reading portion for detecting a reflection light 
from a recording layer to which a recording is 
to be made and converting the detected light ss 
into a read signal; 

a detecting portion for detecting a portion of a 
prefonnatted area of a recording layer which 
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said optical beam transmits therethrough other 
than the recording layer to which a recording is 
to be made; and 

a correcting portion for correcflng intensity of 
an irradiation light beam upon recording based 
on SEud read signal and the preformatted area 
posttton. 

35. A recording apparafcs according to claim 34, 
wherein said conBcting portion oorreota intensity of 
an in-adiatlon light beam upon recording based on 
a component of the read signal synchronized with 
ratatfon of said multi-tayBr rotaiy recording medium. 

36. A recording apparatus according to claim 34, 
wherein said correcting portion performs con-ection 
based on size of said preformatted area of a record- 
ing layer which said opticai beam transmits there- 
through other than the recorcSng layer to which a 
recording is to be made and a distance t)elween »e 
recording layer which said opdc^ beam transmits 
therethretugh and the recording layer to whic^ a re- 
cording is I0 be made. 

37. A recording apparatus according to claim 34, 
wherein said correcting portion corrects intensity of 
an irradiation light iseam upon recording based on 
a low-frequency band component of said read sig- 
nal. 

38. A recording apparatus according to etaim 34, 
wherein said multi-layer rotary recording medium 
comprlsss a land-and-groove stmcture fonmed by 
lands and grooves, the detection in said reading 
portion and the connection in said correcting portion 
being execiSed for each of said lands and said 
grooves. 

30. A recording apparatus according to claim 3B, further 
comprising an averaging portbn for averaging read 
signals for said lands and said grooves, said cor- 
recting portion correcting Intensly of an irradiation 
light beam upon reeortling based on an averaged 
read signal. 

40. A recording apparatus according to claim 34, 
v/herein said reading portion measures time of the 
read signal with respect to, as a reference time, a 
detection time of a reflection light from said prefor- 
matted area of tfie recording layerto which a record- 
ing isto be made, said correcting portion correcting 
intensity of an inadiatlon light beam upon recording 
based on said reference time, 

41. A recording apparatus according to claim 34, 
wherein said reading portion measures time of the 
read signal with respect to, as a reference thie, a 
detection time of a reflection light from said prefor- 
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matted area to which a recording is to be made, said 
correcting portion correcting intensity of an irradia- 
tion light beam upon recording based on the refer- 
ence time, a reflection tight intensity in said prefor- 
matted area of the recording layer which said optical s 
beam transmits therethrough other than the record- 
ing layer to which a recording is to be made and a 
distance between the recording layer which said op- 
tical be^ transmits therethrough andthe recording 
layer to which a recording is to be made. io 

42. A recording apparatus according to claim 34, further 
comprising a portion for calculating from said read 
signal an eccentricity ^ountand a rotation angle 
deviation of at ieast one other recording layer with is 
respect to the recording layer to which a recording 

is to be made, a portion for storing the eccentridty 
SHTiount andthe rotation angle deviation for each re- 
cording layer and a portion for calculating a oorreo- 
tion trne and a correction value for each of the at so 
least one otlier recording layerfrom the eccentricity 
amount and the rotation angle deviation, wherein 
said correcting portion corrects intensity of an in-a- 
diation light beam upon recording based on said 
correction time and said correction value. ss 

43. A recording apparatus according to daim 34-, 
wherein said correcting portion includes an ac^ust- 
ing portion for adjusting a correction value on the 
basis of a variation In a variation parameter of said so 
read signal due to execution of the correction. 

44. A recording apparatus according to claim 43, 
wherein said variation parameter Is a jitter amount 

of said read signal. 35 

45. A recording apparatus according to dalm 43, 
wherein said variation parameter is an amplitude of 
said read signal, 

40 

46. A recording apparatus aoeording to daim 43, 
wherein said variation parameter is a magnitude of 
an envelope of said read slgn^. 

47. A recording apparatus according to dairri 43, -^s 
wherein said adjusting portion adjusts said con-ec- 
tlon value when a variation in' said variation param- 
eter exceeds a predetermined value. 

48. Arecordlngapparatusaccordinglodaim34,further so 
comprising a determining portion for determining a 
change of tiie multi-layer mtary recording medium 

to which a reconding is to be made. 

49. A recording apparatus aoeording to dain 34, 
wherein said mutti-iayerrotary recording medium is 
a zone constant angular velocity (ZCAV) disc, said 
detennining portion includes an identifying portion 



for identifying a change of a zone to which a record- 
ing is to be made. 

50. A reprodudng apparatus of a recordable muiti-layer 
rotary recording medium having a plurality of re- 
cording layers each having data recording areas di- 
vided in a tracing direotion of a light beam by pre- 
formatted areas, comprising: 

a reading portion for detecting a reflection light 
from a recording layerfrom which a reproduc- 
tion is to be made and converting the detected 
light into a read signal; 

a detecting portion for detecting a position of s 
Preformatted area of a recording layer which 
said optical beam transmits therethrough other 
than the recording layer from which a reproduc- 
tion is to be made; and 
acorrecting portion forcorrecting a reproduced 
signal upon reproduction on the basts of said 
read signal and the pref onnatted area position. 

51. A reproducing apparatus according to claim 50, 
wherein said correcting portion con-ects a repro- 
duced signal upon reproduction on the basis of a 
component of the read signal synchronized with ro- 
tation of said multi-layer rotary recording medium. 

52. A reprodudng apparatus acconJIng to daim 50, 
wherein said correcting portion performs conrection 
based on size of said prefomiatted area of a record- 
ing layer which said optical beam transmits there- 
through olherthan the recording layer from vrtiich a 
reproduction Is to be made and a distance between 
the recording layer which said optical beam trans- 
mits therethrough and the recording layer trwn 
which a r^roductton is to be made. 

53. A reproducing apparabJs according to claim SO, 
wherein said oorreding portion oon-ects a repro- 
duced signal upon reproduction on the basis of a 
low-frequency band.component of said read signal. 

54. A reproducing apparatus according to claim 50, 
wherein said multi-layer rotary recording medium 
comprises a iand-and-groove stmcture formed by 
lands and grooves, said reading portion and said 
correcting portion being executed for each of said 
lands and said srooves. 

55. A reprodudng apparatLis according to claim 54. fur- 
ther comprising an averaging portion for averaging 
read signals for said lands and said grooves, said 
correcting portion connoting a reproduced signd 
upon reproduction on the basis of an averaged read 
signal. 

56. A reproducing apparatus according to claim 50, 
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wherein said reading portion measures time of the 
read signal with respect to, as a reference time, a 
detection time of a reffection I ight from said Prefor- 
matted area of the recording layer fTom whjch a re- 
production Is to t)e made, said carrBcting portion 
correcting a reproduced signal upon reproduction 
on the basis of said reference time. 

57. A reproducing apparatus according to claim 50, 
wherein said reading portion measures time of the 
read signal with respect to, as a reference time, a 
detection time of a reflection light from said prefor- 
matted area from which a reproduction is to be 
made, said correcting portion correcting a repro- 
duced signal upon reproduction on ttie basis of the 
reference time, a reflection light intensity in said pre- 
fomiatted area of the recording layer which said op- 
tical beem transmits therethrough olherthan the re- 
cording layer from which a reproduction is to be 
made and a distance between the recording layer 
which said optical beam transrrats therethrough and 
the recording layer from vrtiich a reproduction Is to 
be made. 



wherein said adjusting portion acfusts saJd correc- 
tion value when a variation in said variation param- 
eter exceeds a predetennlned value. 

5 64. Areproduclng apparatus according to claim 50, fur- 
ther comprising a determining portion for determin- 
ing a change of the multi-layer rotary recording me- 
dium from which a reproduction is to be made. 

10 65. A reproducing apparatus according to claim SO, 
wherein said multi-layer rotary recording medium is 
a zone constant angular velocity (ZCAV) disc, said 
detemilning portion includes an identifying portion 
for identifying a change of a zone from which a ra- 

is production is to be made. 



58. A nsproducing apparatus according to cla&n 50, fur- 2s 
ther comprising a portion for calculating from said 
read signal an eccentricity amount and a rotation 
angle deviation of at least one other recording layer 
with respect to the recording layer from which a re- 
production is to be made, a portion for storing the « 
eccentricity amount and the rotation angle deviation 
tor each recording layer and a portion for calculating 
a con-ecllon time and a con-ectlon value for each of 
the at least one other recording layer from the ec- 
centricity amount and ttie rotation angle deviation, 33 
wherein said correcting portion corrects a repro- 
duced signal upon reproduction onthe basis of said 
correction time and said correction value. 



59. A reproduong apparatus according to claim 50, « 
wherein said connoting portion includes an adjust- 
ing portion for adjusting a correction value on the 
basis of a variation in a variation parameter of said 
read signal due to execution of the correction. 

45 

60. A reproducing apparatus according to claim 59, 
wherein said variation parameter is a jitter amount 
of said read signal. 



61. A reproducing apparatus according to daim 59, so 
wherein said variation parameter is an amplitude of 
said read signal. 

62. A reproducing apparatus according to daim 59, 
wherein said variation parameter is a magnitude of ss 
an envelope of said read signal. 

63. A reproducing apparatus according to claim 59. 
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